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1
PROPORTIONAL VALVE CONTROLLED
WITH A PIEZOELECTRIC LINEAR
ACTUATOR

FIELD OF THE INVENTION

The present invention relates to valves and/or fluid pumps
and in particular to such valves and/or fluid pumps controlled
with a piezoelectric linear actuator providing a retrofit valve
control unit and/or a piezoelectric valve.

BACKGROUND OF THE INVENTION

Valves and valve systems have been designed in the past
having a valve actuated by a solenoid, piezoelectric stack or
magnetorestrictive rod to control the flow of fluid through the
valve system. The valve system may be realized as a common
rail fuel injector, electrohydraulic actuator system, electroni-
cally-controlled fuel injector, gasoline port injector, fluid
metering valve, relief valve, ventilation system, inhalators,
reducing valve, direct valve or direct-injection gasoline injec-
tor, or any valve for controlling the flow of a flowing fluid or
gas.

Flow control of a flowing fluid through a valve is generally
achieved by manipulating the size of the valve opening
between a valve gating member and a corresponding valve
seat. Closing and/or opening of the valve opening generally
involves manipulating a plunger and/or driving a valve mem-
ber relative to its corresponding valve seat and/or valve open-
ing.

However, in solenoid-controlled valve systems, it is often
difficult to accurately control movement and positioning of
the valve member through the control signals applied to the
solenoids. This is especially true when intermediate position-
ing of a solenoid-controlled valve for example between the
closed state and the open state, and maintained in a fixed
position is desired.

Solenoid-controlled valves, by their very nature, are sus-
ceptible to variability in their operation due to inductive
delays, eddy currents, spring preloads, solenoid force char-
acteristics and varying fluid flow forces, overheating and
disintegration of the valve housing generally due to overheat-
ing of the solenoid. Such weak spots must be carefully con-
sidered and accounted for in any solenoid-controlled valve
system design. Moreover, the response time of the solenoids
limits the minimum possible dwell times between valve
actuations and makes the valve system generally more sus-
ceptible to various sources of variability.

While solenoids provide large forces and have long
strokes, solenoids do have certain drawbacks. For example,
first, during actuation, current must be continuously supplied
to the solenoid in order to maintain the solenoid in its ener-
gized position. Further, to overcome the inertia of the arma-
ture and provide faster response times, a solenoid is driven by
a stepped current waveform. A very large current is initially
provided to switch the solenoid on; and after the solenoid has
changed state, the drive current is stepped down to a mini-
mum value required to hold the solenoid in that state. Thus, a
relatively complex and high power current driver is required.

In addition to requiring a relatively complex and high cur-
rent power source, the requirement of continuous current flow
to maintain the solenoid at its energized position leads to
heating of the solenoid. The existence of such a heat source,
as well as the ability to properly dissipate the heat, is often of
concern depending on the environment in which the solenoid
is used, for example in plastic environment.
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Additionally, the force produced by a solenoid is depen-
dent on the air gap between the armature and stator and is not
easily controlled by the input signal. This makes the solenoid
difficult to use as a proportional actuator. Large proportional
solenoids are common, but they operate near or at the satura-
tion point and are very inefficient. Small, relatively fast acting
non-proportional solenoids may have response times defined
by the armature displacement as fast as 350 microseconds.
However, this response time can be a significant limitation in
some applications that require high repetition valve actuation
rates or closely spaced events. Further, it is known that there
is a substantial delay between the start of the current signal
and the start of the armature motion. This delay is due to the
inductive delay, experienced with solenoids, the delay expe-
rienced between the voltage and magnetic flux required to
exert force on the armature. In valve systems, such delays lead
to variability in the fluid flow.

While prior art electroactive actuators such as piezoelectric
stacks and magnetorestrictive rods eliminate the response
time and proportionality shortcomings of the solenoid, par-
ticularly in that it offers the benefit of using little power during
while maintaining a static valve position for extended periods
of time, while capable of handling large forces, however the
valve stroke capabilities are very small. The output of these
electroactive actuators must then be mechanically or hydrau-
lically amplified, limiting the response time and proportion-
ality benefits that they offer.

Because of their small strain capabilities, these actuators
also tend to be large. Additionally, these actuators are uni-
directional, i.e., they move in only one direction in response
to a control signal. Therefore, any valve or mass moved by the
actuator requires a return biasing force, for example with a
return spring, to be applied to return the valve or mass to its
original position. Often, the spring comprises a significant
amount of the force required to move the valve or mass and
represents another source of variability. Also, the beneficial
response time of the actuator will have no impact on the return
of the valve or mass, as it depends completely on the return
spring.

Current valves are further prone to overheating, saturation,
and exhibit hysteresis, all leading to inaccuracies with respect
to controlling the flow through the valve such that the valve
does not react linearly with respect to a control signal. Such
factors lead to unpredictability of the valve and lack of true
flow control through the valve body.

Other drawbacks of current piezoelectric valves is their
inability to generate high holding forces and therefore pro-
vide valves with only low holding force that are not suitable
for applications requiring larger holding forces.

SUMMARY OF THE INVENTION

The present invention overcomes the deficiencies of the
background by providing a fluid control module comprising
an assembly of at least one or more and preferably a plurality
of piezoelectric linear actuator that provides for controlling
fluid flow through a construct such as a valve body and/or a
pump. Optionally and preferably, the construct through
which a flowing fluid may be maneuvered and controlled may
for example include but is not limited to valves and/or fluid
pumps and/or gas pumps and/or pumps, or the like. Option-
ally the fluid control module according to optional embodi-
ments of the present invention may provide a retrofit valve
control module for coupling to an existing construct for con-
trolling the flow of a flowing fluid for example a valve body or
pump body. Optionally and preferably embodiments of the
present invention provide for a piezoelectric valve compris-
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ing a valve body coupled with an integrated fluid control
module comprising at least one or more piezoelectric linear
actuators.

An example of a piezoelectric actuator 104 referenced and
illustrated herein, may optionally and most preferably be
realized in the form of the piezoelectric actuator described in
U.S. Pat. No. 7,498,719 to Piotr et al, that is incorporated
herein by reference as if fully set forth.

Within the context of this application the term fluid refers
to any flowing fluid in various states for example including
but not limited to liquids, gases, air or the like.

An optional embodiment of the present invention provides
a valve comprising at least one or more controllable piezo-
electric actuators. Most preferably the piezoelectric actuators
provide a linearly controllable valve where the flow through
the valve may be controlled linearly and predictably con-
trolled in proportion to a control signal. Most preferably the
control signal and/or activating energy applied to the piezo-
electric actuating module is linearly proportional with the
flow through the valve body, such a that in order to obtain a
certain flow ‘F’ through a valve body a specific and predict-
able control signal and/or activation signal ‘S’ is required,
therein defining a linear slope (‘m”) on a Flow vs. Signal Input
graph. A linearly proportional slope (‘m”) provides for chang-
ing the fluid flow rate through a valve body as a consequence
of a direct and linear change to the input signal utilized by
fluid control module or gating actuation module that is in turn,
governed by the predefined slope (‘m’) of Flow vs. Signal
Input graph specific to the valve body and control signal.
Accordingly a truly linear valve is provided with predictable
flow through the valve body based on a predictable control
signal providing by the gating actuation module of the present
invention.

Most preferably the valve control module according to the
present invention comprises an encoder to increase valve
linearity, and to ensure resolution of the linear valve therein
minimizing the potential valve hysteresis effect.

Optionally and preferably encoder may be configured to
provide a control module for any type of valve and/or valve
gating control for example including but not limited to on-off
valves, proportional valves or the like.

Most preferably, the valve piezoelectric actuator module
according to optional embodiments of the present invention
may be turned on or off without a lag or phase.

Optionally and preferably the valve according to the
present invention provides a valve assembly that may exert a
holding force of at least about 1 Kg or more. Optionally and
preferably the valve and particularly the valve control and/or
gaiting module according to the present invention may be
configured to provide a holding force from about 100 g up to
about 2 Kg, from about 100 g-500 g; 500 g-1000 g and up to
about 2 Kg.

An optional embodiment of the present invention provides
a piezoelectric valve that provides a bi-directional piezoelec-
tric actuator that may move a load along a valve stem in
response to a control signal.

An optional embodiment of the present invention provides
a piezoelectric valve that does not require a return spring,
most preferably as the piezoelectric actuator maintains its
position about the piezoelectric actuator shaft without exert-
ing additional energy, as seen with solenoid valves.

An optional embodiment of the present invention provides
a piezoelectric control module that may be retrofit to replace
a valve gating control modules while maintaining the valve
body.

Optionally and preferably, optional valves, for example
including but not limited to solenoid controlled valves, on-off
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valves, any off the shelf valve, or the like, may be retrofit with
the valve gating and/or control module according to the
present invention.

Optionally and most preferably the piezoelectric control
module according to the present invention provides a valve
gating module that provides a control module that most pref-
erably runs on low energy means.

Optionally and most preferably the control module accord-
ing to the present invention provides for a valve that readily
dissipates heat and/or does not overheat under standard work-
ing conditions.

An optional embodiment of the present invention provides
a piezoelectric control module that may be retrofit with an
existing valve body, to convert it to a linear and/or propor-
tional valve. For example, an existing on-off valve may be
retrofit with a piezoelectric control/gating module according
to the present invention to form a linear and/or proportional
valve about the existing valve body. For example, a valve
comprising an electromagnetic actuator may be replaced with
the piezoelectric valve gating module according to the present
invention.

An optional embodiment of the present invention provides
a piezoelectric controllable valve, utilizing a control signal
that utilizes minimal energy requirements while providing
maximal holding force, for example up to about 2 Kg, option-
ally from about 100 g, 200 g, 300 g, 400 g, 500 g, 600 g, 700
2,800 g, 900 g, 1000 g, 1100 g, 1200 g, 1300 g, 1400 g, 1500
2, 1600 g, 1700 g, 1800 g, 1900 g, 2000 g.

Optionally and preferably piezoelectric valve gating mod-
ule according may be customized and/or adapted and/or fine
tuned to meet at least one or more valve requirements for
example including but not limited to flow rate, energy dissi-
pation, thrust, holding force, or the like.

Optionally and preferably the gating/control module may
be customized and/or configured so as to provide the neces-
sary holding force according a valve’s requirements.

Optionally a valve control signal may be provided by at
least one or more processor and/or controller for example
including but not limited to an internal controller and/or
external controller and/or auxiliary controller, any combina-
tion thereof.

Optionally and preferably an external controller and/or
auxiliary controller may be utilized in conjunction with an
internal controller to drive and control the piezoelectric valve
according to the present invention. For example, a remote
valve control signal may be generated by a user with an
external controller and communicated to an internal control-
ler to control the piezoelectric valve according the present
invention.

Optionally internal controller may be driven with a power
source and/or electronics for example including but not lim-
ited to battery, rechargeable battery, induction circuit, mains
power supply, electronic circuitry, photovoltaic cells, DC
power, AC power, or the like power supply as is known and
accepted in the art.

Within the context of this application the term valve stem
may be interchangeable with the term plunger, shaft, and
moveable shaft.

Within the context of this application the term valve gating
or valve gating module refers to the member of the valve
required for controlling the valve opening and closing.

Within the context of this application the term valve open-
ing refers to the opening between valve seat and valve gating
member for example valve shaft, seal, plunger having a maxi-
mum opening equal to the size/length of the valve stem and/or
gating module.
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Within the context of this application the term valve seal
member refers to that portion of the valve which functions to
seal and/or close the valve about the valve flow chamber
and/or valve seat.

Within the context of this application the terms propor-
tional valve opening refers to controlling the valve open and/
or close state in a proportional manner providing for gating
the valve in a variable manner between 0-100% (zero and 100
percent). Optionally the term proportional opening may be
interchangeably used with the term non-discrete and/or con-
tinuous control of the valve opening.

Most preferably embodiments of the present invention pro-
vide a linearly proportional valve assembly wherein the fluid
flow rate through valve body may be linearly and predictably
controlled with respect to a control signal, provided with a
valve gating control module. Therein the present invention
provides a linearly proportional valve assembly. Most pref-
erably, the valve assembly according to embodiments of the
present invention are configured such that a Fluid Flow rate
‘F’ through a valve body is predictable and controllable with
a control signal S’. Most preferably the control signal ‘S’
may be determined and/or provided and/or configured by
evaluating the graph of Flow vs. control Signal and determin-
ing the slope. Optionally the slope may be specific to a given
valve assembly comprising a valve body and valve gating
control module.

Embodiments of the present invention provide for the lin-
earity by employing a controllable linear piezoelectric actua-
tor. The linear piezoelectric actuator provides the appropriate
(required) holding force, to control the flow through the valve
body, without exerting additional power and/or energy, such
that the valve’s gating module’s start and stop positions
(valve stem position relative to the constant valve seat posi-
tion) are linearly predictable, configurable, repeatable and
controllable.

Most preferably the piezoelectric actuators provide for
controlling the gating of the valve by positioning the valve
stem relative to the constant position of the valve seat. Most
preferably the piezoelectric actuators, may be directly (FIGS.
6-7) or indirectly (FIGS. 1-4) coupled and/or otherwise asso-
ciated with the valve stem, as part of the valve gating control
module, therein controlling the flow through valve body by
controlling the position of valve stem relative to valve seat.

Optionally and most preferably a controller and/or proces-
sor and/or microprocessor may be provided as part of the
valve gating control module to optionally elucidate and/or
determine the linear relationship between the Flow ‘F’ and
control signal ‘S’ for example in the form of slope (‘m’) as
previously described. Optionally the ‘F’vs. ‘S’ relationship is
continuously updated and configured to maintain a linear
relationship. Optionally gating control module may signal
and/or communicate problems, for example to a user, with the
valve in any portion thereof if the linear relationship is not
maintained within a given range for example within one or
two standard deviations.

While the foregoing description and figures depict a valve
with respect to a linearly controllable valve stem, however,
embodiments of this application are not limited to use with
such linear valve stems. Accordingly embodiments of the
present invention may be extended to ball valves, leaf type
valve, turn valves, torque valve or the like valve controlled by
non-linear motion and/or rotational motion, of a valve stem
relative to a valve seat or valve body. Optionally the linear
movement of a valve stem according to the present invention
may be adapted with a linear to rotational motion converter
module, optionally and preferably to provide the appropriate
circular motion for example in a ball valve. Optionally appro-
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6

priate conversion of linear motion to rotational motion may
for example include but is not limited to gear, gear works,
cam, transformer, piston, the like or any combination thereof.

While the foregoing description and figures depict a valve
with respect to a linearly controllable valve stem, however,
embodiments of this application are not limited to use with
such valves alone, embodiments of the present invention,
particularly, the gating control module may be naturally
extended to use with a fluid pump system instead of the valve
body as described and illustrated herein.

While the invention is described with respect to a limited
number of embodiments relating to a valve it is to be under-
stood that any valve or pump or the like device may be utilized
with the present invention. The valve and/or pump and/or
hydraulic pump and/or fluid pump is therefore not limited to
the scope and uses described hereinbelow. Embodiments of
the present invention may be realized in a number of appli-
cation involving a valve, pump and/or fluid pump and/or
hydraulic pump, for example including but not limited to a
valve for gating any flowing fluid (liquids, gasses, oils,
plasma) for any application such as medical application,
industrial application, automotive industry, healthcare indus-
try, chemical industry, manufacturing, mass production,
home-use application, personal application, any combination
thereof or the like. For example a valve, valve control module,
or a retrofitted valve, according to optional embodiments of
the present invention may be utilized in an application for
example including but not limited to a faucet valve, an air
valve for medical applications, flow control in a mass produc-
tion line, machinery, fuel injector, or the like.

Unless otherwise defined, all technical and scientific terms
used herein have the same meaning as commonly understood
by one of ordinary skill in the art to which this invention
belongs. The materials, methods, and examples provided
herein are illustrative only and not intended to be limiting.

Implementation of the method and system of the present
invention involves performing or completing certain selected
tasks or steps manually, automatically, or a combination
thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only,
with reference to the accompanying drawings. With specific
reference now to the drawings in detail, it is stressed that the
particulars shown are by way of example and for purposes of
illustrative discussion of the preferred embodiments of the
present invention only, and are presented in order to provide
what is believed to be the most useful and readily understood
description of the principles and conceptual aspects of the
invention. In this regard, no attempt is made to show struc-
tural details of the invention in more detail than is necessary
for a fundamental understanding of the invention, the descrip-
tion taken with the drawings making apparent to those skilled
in the art how the several forms of the invention may be
embodied in practice.

In the drawings:

FIGS. 1A-C are schematic block diagrams of exemplary
valves, retrofitted with a piezoelectric valve control module
according to an optional embodiment of the present inven-
tion;

FIG. 2A-B are cross sectional views of retrofit piezoelec-
tric control module according to an optional embodiment of
the present invention associated with a valve body; FIG. 2A
showing the closed configuration and FIG. 2B showing the
open configuration;
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FIGS. 3A-C are schematic block diagrams of exemplary
piezoelectric valves according to an optional embodiment of
the present invention;

FIGS. 4A-C are cross sectional views of a piezoelectric
valve according to an optional embodiment of the present
invention according to the present invention; FIG. 4A show-
ing a perspective view, FIG. 4B showing a cross-sectional
view revealing the construct of the valve, and FIG. 4C show-
ing an exploded view;

FIGS. 5A-C are cross sectional views of a piezoelectric
valve according to an optional embodiment of the present
invention according to the present invention showing the
valve in different states, FIG. 5A showing the fully open
configuration, FIG. 5B showing the partially open configura-
tion, and FIG. 5C showing the closed configuration;

FIGS. 6A-B are various views of a piezoelectric valve
according to an optional embodiment of the present inven-
tion; FIG. 6 A showing a cross-sectional view revealing the
construct ofthe valve, and FIG. 6B showing an exploded view
or the valve shown in FIG. 6A; and

FIGS. 7A-B are various views of a schematic illustrative
diagram of a cross-linked piezoelectric actuator load, accord-
ing to an optional embodiment of the present invention,
deployed in the piezoelectric valve depicted in FIGS. 6A-B,
FIG. 7A provides a perspective view and FIG. 7B provides a
partial close up view.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The principles and operation of the present invention may
be better understood with reference to the drawings and the
accompanying description. The following figure reference
labels are used throughout the description to refer to similarly
functioning components are used throughout the specifica-
tion hereinbelow:

10 OTC valve body;

12 OTC valve housing;

14 OTC valve seat;

16 OTC valve gating module (stem and seal);

165 OTC valve seal member;

16¢ OTC valve stem member;

100 valve control module;

101 retrofitted valve;

102 control housing;

1027 housing recess;

1025 adapted surface

104 piezoelectric actuator;

10454 piezoelectric actuator elastic body;

104¢ actuator shaft seal member;

104d actuator shaft spring member;

104e actuator piezoelectric substrate and electrodes;

104f actuator free end;

104L actuator load;

104s actuator shaft;

106 torque lever;

1064 torque lever first end;

10654 torque lever second end;

108 electronic circuitry module;

108s control signal;

110 dual control valve system;

112 auxiliary valve control module;

1125 auxiliary control module signal;

114 cross linking load;

114a actuator shaft recess;

1145 base member;

114¢ central body/core;
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114d distal end;

114e extending arm;

114f % luminal surface;

114p proximal end;

114r load valve stem recess;

114s shaft support member;

114¢ shaft receiving portion;

200 piezoelectric valve apparatus;

201 dual control valve system;

202 valve body;

204 valve inlet reservoir;

206 valve outlet reservoir;

208 valve seat;

210 gating module;

212 gating module housing;

212a first end gating module housing;

214 valve stem;

214a valve stem upper member;

214b valve stem middle member;

214c valve stem lower member;

214s valve stem plunger/seal;

216 valve seal;

216d valve seal diaphragm;

216g valve seal gasket;

220 actuator housing;

222 external actuator housing;

224 actuator cross-link member;

226 internal actuator housing;

228 lower actuator housing member/end plate;

228a actuator receiving recess;

228b valve body coupling recess;

228¢ gating module central recess;

228e actuator free end elastic member;

230 lower end plate member;

232 lower end plate member bore;

234 upper end plate member;

236 upper end plate member spacer;

238 actuator housing;

Most preferably embodiments of the present invention pro-
vide a linearly proportional valve assembly (110, 101, 200,
201), wherein the fluid flow rate (‘F’) through a valve body
(10, 202) may be linearly and predictably controlled with
respect to a control signal (108s,112s), with a valve gating
control module (100, 210), therein the present invention pro-
vides a linearly proportional valve assembly. Most preferably,
the valve assembly according to embodiments of the present
invention are configured such that a Fluid Flow rate ‘F’
through a valve body is predictable and controllable with a
control signal ‘S’. Most preferably the control signal ‘S’ may
be determined and/or provided and/or configured by evaluat-
ing the graph of Flow vs. Control Signal and determining the
graph’s slope. Optionally the slope may be specific to a given
valve assembly comprising a valve body (10, 202) and valve
gating control module (100, 210).

Accordingly, embodiments of the present invention pro-
vide for linearity by employing a gating/control module com-
prising controllable linear piezoelectric actuator (104). The
linear piezoelectric actuator (104) provides the appropriate
(required) holding force, to control the flow through the valve
body (10, 202), without exerting additional power and/or
energy, such that the valve’s gating module’s start and stop
positions (valve stem 214 position relative to the constant
valve seat 208 position) are linearly predictable, configurable,
repeatable and controllable that do not exhibit hysteresis
effects or require a return spring to maintain its position.

Most preferably the piezoelectric actuators (104) provide
for controlling the gating of the valve (110, 101, 200, 201) by
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positioning the valve stem (214, 16¢) relative to the constant
position of the valve seat (208). Most preferably the piezo-
electric actuators (104), may be directly (FIGS. 6-7) or indi-
rectly (FIGS. 1-4) coupled and/or otherwise associated with
the valve stem (214, 16¢), as part of the valve gating control
module (210, 100), therein controlling the flow through valve
body by controlling the position of valve stem (16z, 214)
relative to valve seat (14, 208).

Referring now to the drawings, FIGS. 1A-C are schematic
block diagrams of an optional retrofitted valve 101 compris-
ing an “over the counter” or “off the shelf” (hereinafter
‘OTC’) valve body 10, retrofitted with a piezoelectric valve
control module 100 according to an optional embodiment of
the present invention. Most preferably control module 100
comprises at least one or more piezoelectric actuator 104 and
an internal power supply and electronic circuitry module 108
most preferably for providing a control signal (108s) for at
least one or more piezoelectric actuators 104.

Retrofitted valve 101 comprises an OTC valve body 10 that
may be coupled with a piezoelectric valve control module
100. Optionally and preferably control module 100 and OTC
valve body 10 may be associated with one another about at
least one or more surfaces.

Optionally control module 100 may further provide for
converting the linear movement of the piezoelectric actuators
utilized therein to rotational motion, optionally and prefer-
ably to provide the appropriate circular motion required to
control flow of valve body 10 for example as in a ball valve.
Optionally appropriate conversion of linear motion to rota-
tional motion may for example include but is not limited to
gear, gear works, cam, transformer, piston, the like or any
combination thereof.

FIG. 1B shows an optional configuration of retrofitted
valve 101 of FIG. 1A in the form of an optional dual control
valve system 110 comprising an auxiliary valve control mod-
ule 112 provided for remotely controlling and/or communi-
cating with valve 101 via valve control module 100.

Optionally, external and/or auxiliary controller 112 may be
utilized in conjunction with internal controller module 108 or
module 100 to drive and control the piezoelectric valve 101
according to the present invention. For example, a remote
valve control signal 112s may be generated by a user with an
auxiliary controller module 112 and communicated to an
internal controller 108 or control module 100 to control
piezoelectric valve 101, to control the flow through valve
housing 10 by adjusting the position of piezoelectric actuator
104 relative to valve seat 14 most preferably in a linearly
proportional manner relative to the communicated control
signal 112s.

Optionally remote and/or auxiliary controller module 112
may be provided in optional forms for example including but
not limited to a computer, mobile communication device,
PDA, mobile telephone, robot, android, server, dedicated
device, remote control, any combination thereof or the like
device comprise processing, communication and power
source capabilities. Optionally auxiliary controller module
112 may further comprise a display.

Optionally controller module 112 may communicate a
control signal (112s) to valve control module 100 or elec-
tronic circuitry 108 using at least one or more communication
protocols and/or technology for example including but not
limited to wireless, radio frequency (RF), infrared (IR), opti-
cal, wired, near field communication (NFC), far field com-
munication (FFC), RFID technology, BLUETOOTH®
(IEEE 802.15.1), UHF 2.4 to 2.485 GHz, acoustic, or any
combination thereof.
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Optionally remote and/or auxiliary controller module 112
may communicate with an internal controller module 100 or
the like electronic circuitry 108 for generating and commu-
nication a control signal (108s) to at least one or more piezo-
electric actuator 104.

Optionally remote and/or auxiliary controller module 112
may be controlled manually by a user.

Optionally and more preferably remote and/or auxiliary
controller module 112 may be controlled automatically
according to at least one or more triggering event, for example
including but not limited to a trigger, an occurrence, an event,
an alarm, a scheduled event, an unscheduled event, threshold
crossing, any combination thereof or the like triggering event.

FIG. 1C shows an optional retrofitted valve 101 further
comprising an optional torque lever 106 as part of the valve
control module. Control module 100 comprises housing 102
provided for receiving actuator 104 and an optional torque
lever 106 that may be associated with OTC valve 10 about the
OTCT valve’s internal gating module 16. Optionally and
preferably OTC gating module provides for fitting and/or
coupling or otherwise associating valve housing 12 with con-
trol housing 102.

Optionally piezoelectric control module 100 may be con-
figured to fit with any OTC gating module 16 via a customi-
zable mediating member for example including but not lim-
ited to torque lever 106 or the like. Optionally control housing
102 may be customized to fit an OTC gating module 16
without utilizing a customizable mediating member.

Optionally valve gating module 16 is controllable with
piezoelectric actuator 104 via torque lever 106. Most prefer-
ably torque lever 106 comprises a first end 1064 and a second
end 1065.

Most preferably torque lever first end 1064 is provides for
coupling and/or associating with actuator 104. Optionally
torque lever first end 106a is coupled and/or otherwise asso-
ciated with actuator 104 about at least one of an actuator load
104L or actuator shaft 104s.

Most preferably torque lever second end 1065 is provided
for coupling and/or associating with actuator OTC valve gat-
ing module 16. Optionally torque lever second end 1065 is
coupled and/or otherwise associated with actuator OTC valve
gating module 16 about an OTC valve stem 16¢ to control the
position of valve seal 16s relative to the valve seat 14. Option-
ally and preferably torque lever second end 1065 is pivoted
with OTC valve stem 16¢.

FIG. 2A-B are cross sectional views of an optional embodi-
ment of a non limiting retrofit valve 101, as described in F1G.
1C, comprising valve body 10 that may be fit with a piezo-
electric control module 100 according to an optional embodi-
ment of the present invention. Optionally valve body 10 may
be of any OTC valve or valve type for example including but
not limited to solenoid valve or electromagnetic valve where
the original valve control module is replaced with control
module 100 according to an optional embodiment of the
present invention. FIG. 2A shows the closed configuration of
valve 101 while FIG. 2B shows the open configuration.

OTC valve body 10 comprising housing 12, valve inlet
conduit/reservoir 10i and valve outlet reservoir 100, most
preferably flow through housing 12 from valve inlet 10/ and
outlet 100 is mediated by a valve seat 14 that may be gated
(open and/or closed) optionally and preferably via a OTC
gating module 16. Optionally and most preferably OTC gat-
ing module 16 comprises a valve stem 167 and valve seal
member 16s. Most preferably valve seal member 16s corre-
sponds to and securely fits with and/or over valve seat 14
therein providing gating control of valve 10 relative to the seal
16s.
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Most preferably retrofit valve 101 is most preferably con-
trolled with a piezoelectric control module 100 comprising
housing 102, torque lever 106 and piezoelectric actuator 104
with electronic circuitry (not shown) provided to control gat-
ing module 16.

Most preferably housing 102 comprises at least one sur-
face, for example 102s as shown, adapted for associating with
at least a portion of OTC valve body 10, most preferably to
provide access to valve gating module 16.

Most preferably torque lever 106 comprises a first end
106a and a second end 1065, for mediating between OTC
valve gating module 16 and control module 100.

Most preferably piezoelectric linear actuator 104 com-
prises a piezoelectric or electrostrictive substrate 104e, with
an electrode provided on each of both surfaces (not shown) of
the piezoelectric or electrostrictive substrate 104e; an elastic
body 1045, to one surface or each of both surfaces of which
the piezoelectric or electrostrictive substrate 104e is attached;
a movable shaft 104s coupled at an end thereof to the elastic
body 1044 or the piezoelectric or electrostrictive substrate
104e¢ attached to the elastic body 1045, the movable shaft
104s may be operated in conjunction with displacement of the
piezoelectric or electrostrictive substrate 104e; and a movable
body 104L to be moved along the movable shaft.

Optionally movable shaft 104s may be further coupled or
otherwise associated with housing 102 at the free end 104/ of
shaft 104s. Optionally housing 102 may comprise a recess
102~ for accepting and/or receiving and/or fitting with free
end 1041

Most preferably piezoelectric linear actuator 104 is
securely associated with housing 102 about said elastic body
1044. Optionally housing 102 comprises a recess 102a for
accepting and/or receiving and/or fitting with elastic body
104b.

Most preferably torque lever 106 is coupled or otherwise
associated with piezoelectric linear actuator 104 at torque
lever first end 106a and moveable shaft 104s; while second
end of torque lever 1065 is most preferably coupled or oth-
erwise associated, optionally and preferably in the form of a
pivot, with valve gating module 16 therein most preferably
forming a pivot point between torque lever 106 with valve
stem 167 at torque lever second end 1064.

This coupling configuration provides for controlling gating
module 16 to open and close valve 10 by maneuvering valve
seal 165 relative to valve seat 14 via valve stem 167 by moving
valve stem 167 up or down about torque lever 106 at its second
end 1065. Movement of torque lever 106 at its second end
1065 is provided by moving torque lever 106 at its first end
106a along the length of actuator shaft 104s via moveable
load 104L. Most preferably movable load 1041 disposed
along the length of actuator shaft 104s by a control signal
(108s) provided to actuator substrates 104e, the direction of
motion depending on the power profile provided to actuator
substrate 104¢ to move load 104L up or down shaft 104s.
Most preferably the direction of movement of load 104L
determines the state of gating module 16 for example includ-
ing open, closed, partially open, or proportionally open or
relative open percentage from about 0% (fully closed) to
about 100% (fully open).

Most preferably the power profile provided to actuator
substrate 104e is provided by a control signal (108s) from
electronic circuitry (108) for controlling the power profile
provided to electrodes (not shown) therein controlling the
movement of load 1041, and therein valve gating module 16
via torque lever 106.
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Optionally the first end 106a of torque lever 106 may be
integrated with load 1041, and therein provided as a single
unit.

Optionally gating module 16 may be a dedicated gating
module 16 that comes as part of control module 100, wherein
optionally torque lever 106 second end 1065 is integrated
with valve stem 16s, therein provided as a single unit.

Optionally torque lever 106 may be directly or indirectly
associated with said moveable shaft 104s.

Optionally piezoelectric linear actuator 104 may be
remotely controlled via wireless electronics.

Optionally the piezoelectric linear actuator 104 may be
controlled directly via dedicated electronic circuitry (108) via
control signal (108s) or indirectly via a control signal (112s)
provided from an auxiliary device (120) for example includ-
ing but not limited to electronic devices as part of a manufac-
turing line, devices associated the functioning of valve 101 as
part of a system.

FIGS. 3A-C are schematic block diagrams of an exemplary
piezoelectric valve apparatus 200 comprising a valve gating
module 210 for controlling the flow of a flowing fluid through
valve body 202. Most preferably gating module 210 com-
prises an internal power supply and electronic circuitry mod-
ule 108 most preferably for providing a control signal (108s)
for at least one or more piezoelectric actuators 104.

Optionally and preferably piezoelectric valve apparatus
200 comprises at least one or more piezoelectric actuators
104, more preferably at least two or more piezoelectric actua-
tors 104, and most preferably at least four or more piezoelec-
tric actuators 104. Most preferably piezoelectric actuators
104 provide to control fluid flow through the valve body 202
by associating actuators 104 with valve gating module to
controllably open or close valve body 202.

FIG. 3B shows an optional configuration of piezoelectric
valve apparatus 200 of FIG. 3A, shown in the form of an
optional dual control valve system 201. Valve system 201
comprising an auxiliary valve control module 112 provided
for remotely controlling and/or communicating with valve
gating module 210 via valve internal control module 108.

Optionally, external and/or auxiliary controller 112 may be
utilized in conjunction with an internal controller 108 to drive
and control the piezoelectric valve 100 according to the
present invention. For example, a remote valve control signal
1125 may be generated by a user with an auxiliary controller
module 112 and communicated to an internal controller 108
to control the piezoelectric valve 100, to control the flow
through valve housing 10 by adjusting the position of piezo-
electric actuator 104 relative to valve seat 14 most preferably
in a linearly proportional manner relative to the communi-
cated control signal 112s.

Optionally remote and/or auxiliary controller module 112
may be provided in optional forms for example including but
not limited to a computer, mobile communication device,
PDA, mobile telephone, robot, server, dedicated device,
remote control, any combination thereof or the like device
comprise processing, communication and power source
capabilities. Optionally auxiliary controller module 112 may
further comprise a display.

Optionally controller module 112 may communicate a
control signal to gating module 210 using at least one or more
communication protocols and/or technology for example
including but not limited to wireless, radio frequency (RF),
infrared (IR), optical, wired, near field communication
(NFC), far field communication (FFC), RFID technology,
acoustic, or any combination thereof.

Optionally remote and/or auxiliary controller module 112
may communicate with an internal controller module 108 or
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the like electronic circuitry for generating and communica-
tion a control signal (108s) to at least one or more, or a group
of piezoelectric actuator 104.

Optionally remote and/or auxiliary controller module 112
may be controlled manually by a user. Optionally and more
preferably remote and/or auxiliary controller module 112
may be controlled automatically according to at least one or
more triggering event, for example including but not limited
to a trigger, an occurrence, an event, an alarm, a scheduled
event, an unscheduled event, threshold crossing, any combi-
nation thereof or the like triggering event.

Optionally valve gating module 210 may further provide
for converting the linear movement to rotational motion,
optionally and preferably to provide the appropriate circular
motion for example as in a ball valve. Optionally appropriate
conversion of linear motion to rotational motion may for
example include but is not limited to gear, gear works, cam,
transformer, piston, the like or any combination thereof.

Optionally gating control module 210 may be utilized with
a fluid pump system (not shown) to facilitate fluid pumping
rather than fluid flow control through a valve body 202.

FIG. 3C provides a schematic block diagram of valve 200
showing a more detailed schematic block diagram depiction
of valve gating module 210. Most preferably gating module
210 comprises a gating module housing 212 comprising
actuator housing 220. Most preferably, actuator housing 220
optionally and preferably comprises at least one and more
preferably a plurality of piezoelectric actuator 104 with cor-
responding electronic controls 108. Most preferably gating
module housing 212 comprises a valve stem 214 and a valve
seal 216 for controlling the flow through valve body over
valve seat 208 between valve inlet 204 and valve outlet 206.
Most preferably the controlled activity of piezoelectric actua-
tors 104 in module 210 controls the valve stem 214 about
valve seat 208 therein controlling the valve state open/inter-
mediate/closed and flow rate through valve body 202 from
inlet 204 to outlet 206.

FIGS. 4A-C provide a schematic illustrations of varying
view of valve 200 according to an optional embodiment of the
present invention, FIG. 4A provides a perspective view of
valve 200 showing valve actuator housing 220 with a plurality
of piezoelectric actuators 104, shown in a four actuator 104
configuration, according to an optional embodiment of the
present invention.

FIG. 4B shows a cross-section of valve 200 providing a
detail look at the different components of valve 200 that
provide for a linearly controllable valve that most preferably
does not exhibit hysteresis effect, overheating, or the like
drawbacks of the prior art while maintaining a high holding
force of up to at least about 1 Kg, optionally and preferably
without the use of a return spring.

FIG. 4C shows an exploded view of valve 200, further
revealing the various components of an optional embodiment
of the present invention for a linear piezoelectric valve.

The following description collectively refers to FIGS.
4A-C. Most preferably, valve body 202 includes a valve inlet
reservoir 204 and valve outlet valve body 202 mediated by a
valve seat 208 that may be gated (open and/or closed) option-
ally and preferably with gating module 210, for example as
shown in flow diagrams FIGS. 5A-C depicting the different
valve configurations.

Most preferably valve seal member 216 corresponds to and
securely fits with and/or over valve seat 208 therein providing
gating control of valve 200 relative to movement of gating
module 210 controlled with at least one or more preferably
with plurality of piezoelectric actuators 104, as shown with
four piezoelectric actuators 104.
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Optionally and preferably gating module 210 includes at
least one and more preferably a plurality and most preferably
atleast four or more piezoelectric actuator 104 provided in the
form of a linear actuator that may be securely coupled and/or
otherwise associated with actuator housing 220, disposed
within gating module housing 212.

Most preferably a plurality of piezoelectric actuators 104
are provided in the form of individual linear actuator com-
prising a piezoelectric or electrostrictive substrate 104e, with
an electrode provided on each of both surfaces (not shown) of
the piezoelectric or electrostrictive substrate 104e; an elastic
body 1045, coupled to one surface or each of both surfaces of
which the piezoelectric or electrostrictive substrate 104e is
attached; a movable shaft 104s coupled at an end thereof to
the elastic body 1045 or the piezoelectric or electrostrictive
substrate 104e attached to the elastic body 1045, the movable
shaft 104s may be operated in conjunction with displacement
of the piezoelectric or electrostrictive substrate 104e; and a
movable body 104L to be moved along the movable shaft.

Most preferably piezoelectric linear actuator 104 is
securely associated with one another in a single housing, for
example as shown housing 220 provided for associating up to
four piezoelectric actuators 104. Most preferably, associated
a plurality of actuators 104 provides for converging and/or
combining the holding force available with each of'the piezo-
electric actuators, therein most preferably provided to con-
certedly act to control valve body 202 by uniformly control-
ling the position of a common valve stem 214 and valve seal
216 about valve seat 208.

Optionally a control signal (108s) may be provided to
individually or uniformly control the activity of all linear
actuators 104 utilized and or associated within housing 220.
Optionally control of actuator 104 via module 210 may be
provided about individual actuators, a group of actuators or
all actuators within module 210. Optionally, as shown and
described with respect to FIG. 3A-B a control signal (108s,
112s5) may be generated by an internal and/or intrinsic control
module and/or circuitry 108, or optionally by an external
and/or auxiliary control module 112.

Actuator housing 220 preferably comprises, external
actuator housing 222, actuator cross-link member 224, inter-
nal actuator housing 226, lower actuator housing member
228, actuator free end elastic member 228e, and actuator free
end recess 2287. Most preferably external actuator housing
222 provides a main body for receiving a plurality of piezo-
electric actuators 104. For example, an optional embodiment
provides for an external housing 222 adapted for associating
up to four actuators 104, as shown. Housing 222 comprises a
recess 222r for receiving individual actuators 104 while dis-
posing a plurality of actuators to be a 90 degree angle from an
adjacent actuator, therein providing external housing 222
with a x-y plane and/or cross configuration, for example as
shown.

Most preferably housing 222 is configured to have an open
inner space (lumen), optionally and preferably for receiving
accepting a plurality of actuators that may be further associ-
ated with one another via at least one or more coupling mem-
bers for example including but not limited to cross link mem-
ber 224, a plate, internal housing 226, most preferably
provided for associating and/or coupling a plurality of actua-
tors 104 such that they act to facilitate simultaneous and/or
coordinated and/or concerted movement of a plurality of
actuators, for example to provide for exerting a collective
force about valve seat 208.

Optionally coupling members (224, 226) provide for cou-
pling at least two or more piezoelectric actuators 104. Option-
ally coupling members may provide for coupling all actuators
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104. Optionally and preferably coupling members may pro-
vide for coupling a portion and/or group of actuators. 104

Optionally plate and/or actuator cross-link member 224
provides for associating and/or coupling a plurality of actua-
tors 104 such that they act simultaneously and/or in a coor-
dinated and/or concerted manner most preferably with col-
lective force. Most preferably cross-link member 224
provides for coupling all actuators 104.

Most preferably lumen of external housing 222 is further
configured to receive and/or accept and/or house internal
housing member 226. Internal housing is optionally and pref-
erably provided for associating and/or mediating with cross-
link member 224 providing a recess 226~ for receiving cross-
link member extensions and/or arms 224a that may further
allow member 224 to be displaced about the height of internal
housing member 226 for example as defined by recess 226r

Most preferably internal housing member 226 provides to
couple and/or associated a plurality of actuator 104 via cross-
link member 224 to valve gating module housing 212 com-
prising valve stem 214 and valve seal 216 relative to valve
body 202 most preferably about seat 208.

Most preferably valve seal 216 and valve stem function
concertedly to bring about a seal relative to valve seat 208.
Most preferably in order to maintain and provide a tight seal
about seat 208 valve seal 206 comprises valve seal diaphragm
216d, and valve seal gasket 216g. Optionally and preferably
diaphragm 2164 may be customized to fit with a valve seat
208.

Optionally and preferably valve stem 214 comprises a
valve stem upper member 214a, valve stem middle member
214b, valve stem lower member 214¢ and valve stem shaft/
plunger 214s.

Optionally and most preferably valve stem upper member
214a facilitates coupling and/or otherwise associated with
internal housing 226, while valve stem lower member 214¢
facilitates coupling and/or otherwise associating with seal
216 via diaphragm 2164.

Most preferably valve stem shaft and/or plunger 214s pro-
vides a centralized member for coupling and/or otherwise
associating internal housing 226 with stem 214. Most prefer-
ably, stem shaft/plunger 214s therein provides for coupling
the movements of valve stem 214 with that of at least one and
more preferably a plurality of actuators 104 via internal hous-
ing 226.

Most preferably valve actuator housing 220 further com-
prises an end plate and/or lower actuator housing member/
end plate 228, preferably provided for closing housing 220
and for coupling valve actuator housing with valve body 202.

Most preferably end plate 228 is provided with an actuator
recess 228a for receiving and securing the distal end 104f'of
actuator 104. Most preferably distal end 104f'is secured and/
or coupled or otherwise associated onto end plate 228 via
actuator recess 228a and actuator free end elastic member
228e¢. Most preferably actuator recess 2284 is configured to
receive fit with elastic member 228¢ which in turn is config-
ured to received and fit actuator free end 104/

Most preferably end plate 228 is provided with a central
recess 228¢ provided for allowing valve gating module 212 to
freely pass therethrough from the actuator housing 220 to the
valve seat 208 disposed in valve body 202.

Optionally and preferably end plate 228 is provided with at
least one and more preferably a plurality of coupling recess
228b, provided for coupling actuator housing 220 to valve
body 202. For example coupling recess 2285 provides for
coupling valve body 202 to actuator housing 220 with a
plurality of fasteners for example provided in the form of

30

40

45

16

nuts, and bolts and/or screws or the like means for fastening
and or securing valve body 202 to actuator body 220, for
example as shown.

FIGS. 5A-C provide schematic illustrations of the different
states of valve 200,201 based on the flow through valve body
202. FIG. 5A shows valve 200,201 in the fully open configu-
ration where the valve seat 208 is fully open allowing for
maximal flow through valve body 202, as depicted by flow
arrow shown. FIG. 5B shows the partial open configuration
where valve seat 208 is partially closed allowing a propor-
tional flow through valve body 202. Lastly, FIG. 5C shows
valve 200,201 in the fully closed position not allowing a
flowing fluid to flow through valve body 202. The closed
position shown in FIG. 5C shows valve seat 208 is fully
engaged with valve seal 216 utilizing plunger 214.

FIGS. 6A-B show a further optional embodiment of the
present invention for a proportional linear valve controlled
with a piezoelectric linear actuator, as previously described.
Most preferably a valve body 202 is coupled or otherwise
associated directly or indirectly with at least one or more
piezoelectric linear actuators 104, and more preferably four
piezoelectric linear actuators 104, as shown. The plurality of
linear actuators 104 provide a piezoelectric valve apparatus
are housed within a valve gating housing 212 for controlling
the flow of a fluid through a valve body 202, by controlling
with valve stem 214 that interfaces both valve gating housing
212 and valve body 202 most preferably over a valve seat 208,
as previously described.

The optional valve assembly 200 depicted in FIG. 6A-B is
characterized in that the valve gating module 210 controls the
valve stem 214 over valve seat 208 with a cross-linked load
114 that is common to and links (cross-links) a plurality of
piezoelectric valves 104 about their shafts 104s utilized in
gating module 210, as shown in FIGS. 7A-B. FIGS. 7A-B,
show cross linked-load 114 that provides for linking four
piezoelectric actuators 104 to control valve stem 214 relative
to valve seat 208 to provide fluid flow control through valve
housing 202.

Optionally and preferably actuator cross-link load 114 pro-
vides for associating and/or coupling at least two or more, or
a group of or a plurality of actuators 104 such that they act
simultaneously and/or in a coordinated and/or concerted
manner most preferably with collective force or thrust. Most
preferably cross-link member 114 provides for coupling all
actuators 104.

FIG. 6A shows a cross sectional view of an optional valve
assembly 200 having a valve gating module 210, similar to
that described in FIGS. 3-4, however characterized in that it
comprises cross linking load 114 for facilitating gating con-
trol over valve seat 208 with valve stem 214.

As previously described valve body 202 may optionally be
in the form of an OTC valve body 10, while valve gating
module 210 may be customized to fit and couple with the
OTC valve body 10, in particular valve stem 214 and in
particular valve stem seal/plunger 214s may be specific to fit
over valve seat 208 of OTC valve 200.

Optionally valve stem 214 may be customized about any of
its parts. Optionally valve stem seal/plunger member 214s,
for example as illustrated in FIGS. 6 A-B, may be customized
and/or configured and/or shaped to fit over a valve seat 208 so
as to minimize fluid flow resistance through seat 208. Option-
ally and preferably stem plunger/seal 214s may be shaped so
as to optimize the flow resistance (minimize) through seat 208
and (maximize) thrust of plunger 214 provided by gating
module 210, therein most preferably providing a balance
between the forces acting across valve seat 208.
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Optionally end plate member 230 defining the coupling
and division point between valve body 202 and valve gating
housing 212 may be further customized so as to fit with and
couple between housing 212 and an OTC valve body 202.

FIG. 6 A shows a cross-section of a further optional valve
200 providing a detailed look at the different components of
valve 200 that provide for a linearly controllable valve that
most preferably does not exhibit hysteresis effect, overheat-
ing, or the like drawbacks of the prior art valves while main-
taining a high holding force of up to at least about 1 Kg.

FIG. 6B shows an exploded view of valve 200 depicted in
FIG. 6A, comprises valve body 202 and valve gating module
210 disposed within an gating module housing 212, revealing
the various components therein, in particular cross-linked
load 114 disposed within gating module 210.

As previously described, valve body 202 may include a
valve inlet reservoir 204 and valve outlet valve body 202
mediated by a valve seat 208 that may be gated (open and/or
closed) optionally and preferably with gating module 210, for
example as shown in FIGS. 5A-C depicting different valve
configurations. Optionally valve body 202 may be an OTC
valve body in a plurality of various forms and configurations
for example including but not limited to a leaf valve, T-valve,
4 way valve, 3 way valve, multi-way valve, or any valve body
provided for gating fluid control therethrough.

Most preferably valve body 202 houses a valve seal mem-
ber/plate 216 provides to seal valve body 202 therein most
preferably preventing fluid leakage and/or flow outside of
valve body 202 and in particular toward valve gating housing
212. Seal 216 may comprise an o-ring 2160 about its circum-
ference to increase the seal about the edges of seal 216.

Seal plate 216 most preferably comprises a central bore or
recess 216~ for receiving and allowing valve stem 214 there-
through. Seal plate recess 2167 is most preferably fit with a
plunger o-ring 2140 to further ensures seal through plunger
recess 216

Valve body 202 and gating housing 212 housing gating
module 210 are optionally and preferably separated with end
plate member 230 having a recess 232 provided for receiving
and/or housing valve stem 214 there-through allowing stem
214 to interface both valve body 202 and housing 212.

Optionally and preferably gating module 210 includes at
least one, more preferably a plurality of piezoelectric actuator
104. More preferably at least four or more piezoelectric
actuator 104, provided in the form of a linear actuators, that
may be securely coupled and/or otherwise associated with
actuator housing 220, disposed within gating module housing
212.

Optionally gating module housing 212 may be customized
to fit with an OTC valve body 10, for example valve body 202
or the like. Optionally housing 212 comprises at least two end
plates comprising a first (lower) end plate 230 and a second
(upper) end plate 234. As previously described first end plate
230 may be customized to separate valve body 202 from
housing 212. Optionally and preferably end plate 234 defines
a cover and or top for housing 212, for example as shown.
Optionally and preferably end plate 234 may further com-
prise an associate with a spacer 236 provided for accounting
for the length of and actuator 104 so as to properly fit in
housing 212. Optionally end plate 234 may be further asso-
ciated with a sealing member 234s.

Housing 212 preferably provides for housing at least one or
more linear actuator 104 with actuator housing 220. Option-
ally the external surface of housing 212 may serve as actuator
housing 220, for example as shown in FIG. 6B. Most prefer-
ably actuator housing 220 provides for holding and/or receiv-
ing at least a portion of, at least one or more preferably a
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plurality of actuators 104. Optionally actuator housing 220
may comprise a plurality of member for example as shown
and described with respect to FIGS. 4A-C.

As previously described, most preferably a plurality of
piezoelectric actuators 104 are provided in the form of indi-
vidual linear piezoelectric actuators comprising a piezoelec-
tric or electrostrictive substrate 104e, with an electrode pro-
vided on each of both surfaces (not shown) of the
piezoelectric or electrostrictive substrate 104e; an elastic
body 1045, coupled to one surface or each of both surfaces of
which the piezoelectric or electrostrictive substrate 104e is
attached; a movable shaft 104s coupled at an end thereof to
the elastic body 1045 or the piezoelectric or electrostrictive
substrate 104e attached to the elastic body 1045, the movable
shaft 104s may be operated in conjunction with displacement
of the piezoelectric or electrostrictive substrate 104e; and a
movable body 104L to be moved along the movable shaft.

Optionally movable body 1041 may be a single load asso-
ciated with a single actuator 104, for example as depicted in
FIG. 1-4. Optionally moveable body 1041 may be provided
as a load common to at least two or more or a group of
individual actuators 104, such that the moveable body 104L
associates and/or couples at least two or more actuator shafts
104s. For example a moveable body that is common to a
plurality of individual actuators 104 about their shafts 104s, is
depicted in FIGS. 6-7 in the form of cross-linked load 114,
that provides for coupling or otherwise associating four
actuators 104.

Optionally the association of actuators 104 about housing
220 about at least a portion of actuators 104, and/or by uti-
lizing cross-liked load 114 (FIG. 7A-B) may provide for
converging and/or combining and/or integrating the holding
force available from each of the piezoelectric actuators, that
in turn optionally and preferably facilitate the concerted
activity of actuators 104 to control fluid flow through valve
body 202 by optionally, uniformly controlling the position of
valve stem 214 about valve seat 208.

As previously described, optionally and preferably a con-
trol signal (108s, 112s) may be provided to control the activity
linear actuators 104 utilized and or associated within housing
212. Optionally control of actuator 104 via module 210 may
be provided about individual actuators, a group of actuators or
all actuators within module 210. Optionally, as shown and
described with respect to FIG. 3A-B, a control signal (108s,
112s5) may be generated by an internal and/or intrinsic control
module and/or circuitry 108, or optionally by an external
and/or auxiliary control module 112.

Most preferably valve seal 216 and valve stem 214 function
concertedly to bring about a seal relative to valve seat 208.
Optionally and preferably in order to maintain and provide a
tight seal about seat 208 stem plunger 214s is shaped to
properly fit about seat 208. For example as shown in FIG.
6A-B plunger 2145 has a minimal profile to fit with over seat
208.

Optionally valve stem 214 may be associated with cross
linked load 114 via a central bore and/or recess 1147 to
provide for coupling and/or otherwise associating stem 214
with gating module 210. Most preferably, when coupled, the
movement of cross-linked load 114 controls the movement of
valve stem 214 and plunger 214s relative to seat 208. The
movement of load 114 is controlled with at least one or more
piezoelectric actuators 104, about shafts 104s. Therein the
movement of valve stem 214 about seat 208 is indirectly
controlled by the movements provided by at least one or more
actuators 104. For example, when load 114 is raised about
shaft 104s, that in turn raises valve stem 214 over seat 208,
therein open seat 208 allowing fluid flow through valve body
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202, for example from inlet 204 to outlet 206. Most preferably
the degree with which valve stem 214 is raised (‘opened’)
about valve seat 208 determined the flow rate through valve
body 202. Accordingly predictable, controllable and linear
control of fluid flow through valve body 202 is provided as
direct and linear control of valve stem 214 is provided by at
least one and more preferably a plurality of piezoelectric
actuators 104, via cross-linked load 114. Most preferably the
valve assembly provides a holding force of up to 1 Kg.

FIGS. 7A-B show different views of cross-linked load 114.
FIG. 7A shows a perspective view of a cross linked load 114
that provides for associating a single valve stem 214 about
central recess 1147 and up to four actuators 104 about shaft
104s through actuator shaft recess 114a.

FIG. 7A shows linked load 114 as a single member piece
coupling up to four actuators 104. Cross-linked load 114 is
shown in a particular “plus”, “+” shape configuration and
geometry, specifically described in FIG. 7B, according to an
optional embodiment ofthe present invention. Optionally and
preferably, cross-linked load 114 comprises a central body
114c¢ forming the core of load 114 with a plurality of extend-
ing arms 114e. Most preferably the number of extending arms
114e may be provided in relation to the number of actuators
104 utilized, for example as shown four arms corresponding
to a four actuators 104 valve gating module 210. Most pref-
erably core 114¢ comprises a bore and/or recess 1147 for
coupling with at least one valve stem 214. Most preferably
arms 114e extend from core 114c¢, defining a proximal end
114p, adjacent to core 114c, and a distal end 1144. Most
preferably distal end 1144 comprises a recess 114a for
accepting and/or holding or otherwise associating with at
least one or more actuator 104 about at least a portion of
actuator shaft 104s.

Optionally and preferably load 114 is provided from a
single continuous, fluid material for example including but
not limited to polymers, plastics, alloys, metals, metal alloys,
any combination thereof or the like. Optionally load 114 may
be configured from a plurality of member pieces that corre-
spond to or otherwise couple or connect with one another. For
example core 114¢ may provide a first member piece, while at
least one or more extending arms may be provided from a
second member piece that correspond or otherwise associate
with core 114c.

Optionally cross-linked load 114 may be configured from
at least two or more member pieces, to cross-link any number
of actuators, for example a group of two, three, or more
actuators. For example, cross-linked load 114 may be config-
ured from two member piece therein linking, two adjacent
actuators and/or two opposite actuators 104.

Optionally the cross linked-load member 114 may be pro-
vided in any optional geometric shape and/or configuration in
order to meet valve requirements according to at least one or
more parameters, for example including but not limited to
type of valve, valve shape, valve body, number of actuators,
type of actuators, actuator thrust, holding force requirements,
number of valve stems, type of valve stem, direction of flow,
number of direction flows, location of actuator shaft place-
ment (recess 104a), any combination thereof or the like.

Optionally cross-linked load may be configured to control
at least one or a plurality of valve stems. For example a cross
linked load may be configured to couple with a plurality of
valve stem 214 or a split valve stem (not shown), such that at
least one or more valve stem may be utilized to control a
direction of flow through a valve body. For example a 3-way
valve body may be controlled with a plurality of valve stems
wherein each valve stem may control a single direction of
flow through the 3-way valve body.
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FIG. 7B provides a partial close up view of linked load 114
particularly showing extending arms 114e depicting an
optional embodiment of the present invention. Extending arm
114¢ extends from and is fluid with load core 114c¢, defining
a proximal end 114p and a distal end 114d. Arm 114e is
characterized by having two substantially parallel extensions
including, a base member 1145 and a shaft support member
114s, separated by a recess 114a.

Optionally and preferably the geometry of recess 114a
may be configured according to the dimension of actuator
shaft 104s, for example shaft diameter or length, so as to
optimize valve requirements in particular the holding force,
and thrust provided by gating module 210. Most preferably at
least one dimension of recess 114a, for example width
marked ‘Y, is configurable according to actuator shaft 104s
and valve requirements.

Most preferably base member 1145, as shown, is provided
with a substantially quadrilateral geometric configuration in
the form of a rectangle having width dimension ‘L’. Option-
ally and preferably the width of base member 1145 may be
configured according to the valve requirements. Optionally
and preferably at least one surface of base member 114b or a
portion thereof may be in contact with at least a portion of
actuator shaft 104s, for example the luminal surface 114/, as
shown. Optionally, in order to accommodate shaft 104s, the
contact point between actuator shaft 104s and base member
1144 about luminal surface 114 may be shaped and/or con-
figured to according to the shape and/or configuration of shaft
104s to optimize the contact surface for example to provide
further control for friction between shaft 104s and base 1145.
For example the contact point about luminal surface 114/ may
be provided with a curvature for example to accommodate
shaft 104s therein increasing the surface area in contact with
base 1146 and shaft 104s, for example providing for
increased friction and/or resistance. Optionally, luminal sur-
face 114f may be configured to minimize the contact point
with shaft 104s and therein the surface area between them
optionally leading to reduced friction and/or resistance
between shaft 104s and luminal surface 114/

Preferably shaft support member 114s is shaped and/or
configured to receive actuator shaft 104s, for example as
shown. Optionally and preferably shaft support member 114s
comprises a dedicated portion for receiving and/or housing
actuator shaft 104s, for example including a triangular shaft
receiving portion 1147 disposed bout the distal end of shaft
support member 114s, as shown. Optionally receiving portion
1147 may be disposed and/or placed anywhere along the
length of shaft support member 1145, for example including
but not limited to proximal portion, medial portion or distal
portion (as shown). Optionally the shape of shaft receiving
portion may be according to any geometric shape to define the
number of contact points with actuator shaft 104s. For
example, receiving portion 114¢ having a triangular configu-
ration, as shown, comprises at least two contact points with
actuator shaft 104s. Optionally receiving portion 1147 may be
provided with a quadrilateral configuration having at least
three or more contact points with actuator shaft 104s. Option-
ally the shape and/or configuration of shaft receiving portion
114¢ may be configured to be any polygonal structure having
‘n’ sides (wherein n=3 or more) to define at least ‘n-1’ contact
points with actuator shaft 104s.

Optionally and preferably the configuration of shaft receiv-
ing portion shaft support member 114s and/or receiving
member 1147 may be configurable about at least one or more
parameters for example including but not limited to materials,
material characteristics, material hardness, dimension, shape,
thickness (‘Z”), length, distance from core 114¢, distance
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from proximal end 114p (‘X’), shape, shaft contact points,
shaft to receiving member 114¢ surface area, any combination
thereof or the like. For example, as shown, the distance from
the proximal end 114p to the center of receiving portion 114¢
may be configured according to distance marked ‘X’. For
example, the thickness of shaft support member 1145 may be
configured according to thickness marked ‘Z’, as shown.

Optionally and most preferably, receiving portion 114¢
comprises a luminal surface 114/, facing recess 114a, a por-
tion of which may be in contact with at least a portion of
actuator shaft 104s, for example within recess 114q, as
shown. Optionally, in order to accommodate shaft 104s, the
contact point between actuator shaft 104s and receiving por-
tion 114¢ about luminal surface 1142 may be shaped and/or
configured according to the shape and/or configuration of
shaft 104s so as to optimize the contact surface there-between
according to at least one or more valve requirements for
example including but not limited to actuator thrust and valve
holding force. Optionally and preferably configuring the
luminal surface 114/ may provide further control of friction
between shaft 104s and support member 114s specifically
receiving portion 114z. For example, the contact points about
luminal surface 114f' may be provided with a curvature, for
example to accommodate shaft 104s therein increasing the
surface area in contact with portion 1147 and shaft 104s, for
example providing for increased friction and/or resistance.
Optionally, luminal surface 1144 may be configured to mini-
mize the contact point with shaft 104s and therein the surface
area between them optionally leading to reduced friction
and/or resistance between shaft 104s and luminal surface
1144.

As previously described, cross linked-load member 114
may be configured in order to meet valve requirements
according to at least one or more parameters, for example
including but not limited to type of valve, valve shape, valve
body, number of actuators, type of actuators, actuator thrust,
holding force requirements, number of valve stems, type of
valve stem, direction of flow, number of direction flows,
location of actuator shaft placement (recess 104a), any com-
bination thereof or the like. Optionally and preferably cross-
linked member 114s may be optimized and/or configured
about extending arms 114e so as to account for valve require-
ments at least in configuring actuator thrust and valve holding
force based on arm 114e dimension for example including but
not limited to ‘X’, Y’, ‘Z’, as shown and previously
described. For example, changing the length of “X’ by a given
distance has direct effect on the holding force and thrust of
valve actuating module 210, for example, reducing ‘X’ by 0.2
mm may increase the valve holding force by 150 g and thrust
by 70 g.

While the invention has been described with respect to a
limited number of embodiment, it is to be realized that the
optimum dimensional relationships for the parts of the inven-
tion, to include variations in size, materials, shape, form,
function and manner of operation, assembly and use, are
deemed readily apparent and obvious to one skilled in the art,
and all equivalent relationships to those illustrated in the
drawings and described in the specification are intended to be
encompassed by the present invention.

Therefore, the foregoing is considered as illustrative only
of the principles of the invention. Further, since numerous
modifications and changes will readily occur to those skilled
in the art, it is not described to limit the invention to the exact
construction and operation shown and described and accord-
ingly, all suitable modifications and equivalents may be
resorted to, falling within the scope of the invention.
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Having described a specific preferred embodiment of the
invention with reference to the accompanying drawings, it
will be appreciated that the present invention is not limited to
that precise embodiment and that various changes and modi-
fications can be effected therein by one of ordinary skill in the
art without departing from the scope or spirit of the invention
defined by the appended claims.

Further modifications of the invention will also occur to
persons skilled in the art and all such are deemed to fall within
the spirit and scope of the invention as defined by the
appended claims.

While the invention has been described with respect to a
limited number of embodiments, it will be appreciated that
many variations, modifications and other applications of the
invention may be made.

What is claimed is:

1. A piezoelectric valve control module (100, 210) for
controlling the flow through a valve body (10,202) about a
valve seat (14,208) by controlling the position of a valve stem
(16¢, 214) relative to said valve seat (14, 208), said control
module including:

a) a housing (212, 102) having at least one member or
surface (228, 230, 102s) adapted for associating with at
least a portion of said valve body (10, 202);

b) said housing (212, 102) including at least one piezoelec-
tric linear actuator (104) that is associated with a valve
stem (214, 16¢) to control the position of said valve stem
relative to said valve seat;

¢) said piezoelectric linear actuator (104) comprising a
piezoelectric or electrostrictive substrate (104¢), with an
electrode provided on each of both surfaces of the piezo-
electric or electrostrictive substrate; an elastic body
(104b), to one surface or each of both surfaces of which
the piezoelectric or electrostrictive substrate (104e) is
attached; a shaft (104s) coupled at an end thereof to the
elastic body (1045) or the piezoelectric or electrostric-
tive substrate (104¢) attached to the elastic body, the
shaft (104s) being operated in conjunction with dis-
placement of the piezoelectric or electrostrictive sub-
strate (104e¢); and a moveable body (1041, 114, 226) to
be moved along the movable shaft;

d) wherein the movement of-said moveable body (104L,,
114, 226) along the axis of said shaft (104s) is controlled
with a control signal (108s) produced by electronic cir-
cuitry (108) disposed in said housing, for controlling the
power profile provided to said piezoelectric linear actua-
tor (104), therein controlling the position of a valve stem
(16¢, 214) associated with said moveable body (104L,,
114, 226) and the flow rate through said valve body
(10,202), characterized in that the flow rate though said
valve body is configurable with said control signal
(108s) such that said flow rate is proportional with said
control signal (108s);

e) wherein said moveable body (114) comprises:

i) a central body (114¢) comprising a recess (1147) for
coupling with a valve stem (214);

ii) at least one arm (114e¢) extending from said central
body wherein said arm (114¢) has a proximal end
(114p) and a distal end (1144) wherein said proximal
end extends from said central body and wherein said
distal end (1144) associates with said actuator shaft
(104s) about a recess (114a) for accepting said actua-
tor shaft (104s); said arm (114e) is characterized by
having two substantially parallel extensions includ-
ing, a base member (1145) and a shaft support mem-
ber (114s), separated by said recess (114a) defining
two opposing luminal surfaces (1141, 114/), wherein
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recess (114a) has a configurable dimension (‘Y’);
said base member (1145) defining at least one actua-
tor shaft contact point about said first luminal surface
(114f) within said recess (114a); wherein said base
member (1145) has a configurable dimension (‘L);
and said shaft support member (114s) having a shaft
receiving portion (114¢) about said second luminal
surface (114/) defining at least one or more actuator
shaft contact points within said recess (114a);
wherein said shaft support member (114s) has two
configurable dimensions (‘Z’) and (‘X”); and

iii) wherein said arm (114e) is configurable about at least
one or any combination of parameters selected from
the group consisting of material characteristics, mate-
rial hardness, dimension (‘L") of base portion (1145),
dimension (“Y”) of said shaft receiving recess (114a),
dimension (‘Z’) of said shaft support member (114s),
dimension (‘X”) defining the location of said shaft
receiving portion (1147).

2. The valve control module of claim 1 wherein the flow
rate through said valve body is linearly proportional with said
control signal (108s, 112s).

3. The valve control module of claim 1 comprising a pro-
cessor for determining or configuring the correlation between
said flow rate and said control signal.

4. The valve control module of claim 1 comprising a plu-
rality of piezoelectric actuators.

5. The valve control module of claim 1 comprising at least
four piezoelectric actuators (104).

6. The valve control module of claim 1 wherein said valve
stem (16¢, 214) is associated with said piezoelectric linear
actuator (104) utilizing a mediating member.

7. The valve control module of claim 6 wherein said medi-
ating member is a torque lever (106) comprising a first end
(1064a) and a second end (1065), wherein of said first end
(1064a) is coupled to said actuator about moveable shaft
(104s) or load (104L), and wherein said torque lever second
end (10654) is pivoted with said valve stem (167).

8. The valve control module of claim 7 wherein said torque
lever (106) is integrated with said moveable body.

9. The valve control module of claim 1 wherein said piezo-
electric linear actuator is controlled remotely with an auxil-
iary valve control module (112) producing a control signal
(108s, 1125).

10. The valve control module of claim 9 wherein said
auxiliary control module (112) communicates a control sig-
nal (112s) using at least one or more communication proto-
cols and/or technology selected from the group consisting of
wireless, radio frequency (RF), infrared (IR), optical, wired,
near field communication (NFC), far field communication
(FFC), RFID technology, acoustic, or any combination
thereof.

11. The valve control module of claim 1 wherein said valve
body (10, 202) is an Over The Counter (‘OTC’) valve body
and wherein said housing (212, 102) is configured to associ-
ate with said OTC valve body (10,202) about said at least one
member or surface (228, 230, 102s).

12. The valve control module of claim 11 configured to be
retrofit with an OTC valve body wherein said valve control
module (210, 100) replaces the control module of an OTC
valve.

13. The valve control module of claim 12 wherein said
OTC valve is selected from the group consisting of solenoid
controlled valves, on-off valves, non-discrete valves.

14. The valve control module of claim 11 wherein said at
least one member or surface (228, 230, 102s) is provided to
access the OTC valve body about at least one member
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selected from the group consisting of OTC valve seat (14),
OTC valve stem (16¢), OTC gating module (16), any combi-
nation thereof.

15. The valve control module of claim 11 wherein said
control module further comprising an integrated valve stem
that is coupled with a valve stem seal (214s) configured
according to an OTC valve seat.

16. The valve control module of claim 15 wherein a valve
stem plunger (214s) is provided with a minimal profile and
shaped in accordance with said OTC valve seat.

17. The valve control module of claim 1 wherein the valve
holding force about said valve stem is configured to be from
about 100 grams force (gf) to about 2000 grams force (gf).

18. The valve control module of claim 1 wherein the valve
holding force about said valve stem is configured to be up to
about 2000 grams force (gf).

19. The valve control module of claim 1 wherein the valve
holding force about said valve stem is configured to be up to
about 1000 grams force (gf).

20. The valve control module of claim 1 wherein said
moveable body (1041, 114, 226) is configured to couple a
group of piezoelectric actuators (104) about their actuator
shaft (104s).

21. The valve control module of claim 20 configured to
control a valve body having a plurality of direction of flow.

22. The valve control module of claim 21 wherein each
group of piezoelectric actuators controls a single direction of
flow.

23. The valve control module of claim 1 wherein said
moveable body (1041, 114, 226) is configured to couple all
piezoelectric actuators (104) about their actuator shaft (104s).

24. The valve control module of claim 1 wherein said arm
(114e) is configured according to the required valve holding
force.

25. The valve control module of claim 1 wherein the shape
of said shaft receiving portion (114¢) is configured to be
triangular therein defining at least two actuator shaft contact
points.

26. The valve control module of claim 1 wherein the shape
of said shaft receiving portion (114¢) is configured to be
polygonal having n sides, wherein n is at least 3, therein
defining at least n-1 actuator shaft contact points, about said
second luminal surface (1144%).

27. The valve control module of claim 1 wherein at least
one dimension of said recess (114a) or said arm (114e) is
configured according to a dimension of said actuator shaft
(104s).

28. The valve control module of claim 1 wherein said
moveable body (114) is configurable according to at least one
or more valve parameters selected from the group consisting
oftype of valve, valve shape, valve body, number of actuators,
type of actuators, actuator thrust, holding force requirements,
number of valve stems, type of valve stem, direction of flow,
number of direction flows, location of actuator shaft place-
ment (recess 104a), or any combination thereof.

29. The valve control module of claim 1 wherein said
moveable body (114) is configurable according to at least one
or more of valve requirements selected from actuator thrust
and valve holding force.

30. The valve control module of claim 26 wherein the valve
holding force and actuator thrust of said moveable body (114)
is configured according to at least one or more selected from
the group consisting of materials, material characteristics,
material hardness, or any combination thereof.

31. The valve control module of claim 1 wherein said at
least two luminal surfaces (114f; 114/) are shaped or config-
ured according to the shape or configuration of said actuator
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shaft (104s) so as to optimize the contact surface there-be-
tween, according to at least one or more valve requirements
selected from the group consisting of actuator thrust and
valve holding force.

32. The valve control module of claim 1 wherein said valve
body is selected from the group consisting of leaf valve,
T-valve, 4 way valve, 3 way valve, multi-way valve, or any
valve body provided for gating fluid control therethrough.

33. The valve control module of claim 1 wherein gating of
said valve body is governed by rotational motion, said hous-
ing further comprises a linear motion to rotational motion
converter wherein the linear motion of said actuator (104) is
converted to rotational motion of a valve stem relative to a
valve seat.

34. The valve control module of claim 33 wherein said
valve body is selected from the group consisting of a ball type
valve, torque valve, or a turn valve.

35. The valve control module of claim 33 wherein said
converter comprises at least one or more selected from the
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group consisting of gear, gear works, cam, linear to rotational
transformer, piston, or any combination thereof.

36. The valve control module of claim 1 further comprising
an integrated valve stem coupled with said moveable body
(1041, 114, 226) that is associated with said actuator (104)
along said shaft (104s).

37. The valve control module of claim 36 wherein said
integrated valve stem is coupled to at least one member of an
OTC valve body, selected from the group consisting of OTC
valve stem (16¢), OTC gating module (16), any combination
thereof.

38. A linearly proportional valve comprising the valve
control module of claim 1 integrated with a valve body (202)
such that said control module (210) controls a valve stem
(214) and valve stem plunger (214s) about a valve seat (208).

39. The valve of claim 38 wherein said valve stem plunger
(214s) is shaped in accordance with said valve seat (208).
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